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A B S T R A C T   

Physical damage caused by the mechanical impact of bottom fishing gears on epibenthic community can reduce 
the biomass and coverage of habitat-forming species as well as the richness and diversity of the rest of the 
associated community. A practical development of a methodology for spatially assessing the potential degree of 
disturbance that benthic habitats suffered as a consequence of trawling and long-lining was carried out using a 
seamount located within a marine Natura 2000 site in the western Mediterranean as a case of study. By jointly 
assessing the extent of the impact and mapping the sensitivity of all the habitats to these fishing activities, 
vulnerability and disturbance per benthic habitat and pressure type was evaluated. Habitat sensitivity and fishing 
effort were combined using a disturbance matrix which categorize grid cells in 9 different levels of disturbance. 
Additionally, different thresholds of probability of presence of the different habitats obtained from distribution 
models were used to identify priority conservation and potential recovery. Around 50% of the area was disturbed 
by fishing and all habitats, both biogenic and non-biogenic, were subjected to fishing. Most of the trawling effort 
was carried out on soft bathyal substrates while the percentage of longlining effort carried out on hard bottoms 
was relatively higher than for trawling. Biogenic habitats showed significantly greater sensitivity to both 
trawling and longlining than non-biogenic habitats. Disturbed, priority conservation and potential recovery areas 
were identified and mapped in order to inform marine spatial planning.   

1. Introduction 

Deep-water fishing activities have negative impacts on benthic 
habitats in all oceans worldwide [123,164]. In addition to the direct 
extraction of target and non-target species, the physical damage caused 
by the mechanical impact of fishing gears on epibenthic community can 
reduce the biomass and coverage of habitat-forming species as well as 
the richness and diversity of the rest of the associated community [34, 
61,70,83,120]. All this leads to shifts in community composition and 
habitat structure and, ultimately, to changes in the ecosystem func-
tioning [2,78,139,159]. 

Biodiversity protection and conservation of complex ecological in-
teractions of natural ecosystems is needed to ensure the maintenance of 
ecosystem services for the future society (Duarte and Moreno, 2000; [85, 
167]). Among these services, sustainable fisheries require viable stock 
populations but also healthy habitats, which provide feeding, protection 
and reproduction places for commercial fish and invertebrate species 

[120]. A strategy based on ecosystem-based fishery management 
(EBFM) was adopted by the current European Union Common Fishery 
Policy (CFP) for fishery management with the overall objective of sus-
taining healthy marine ecosystems and the fisheries they support [6111, 
135]. As part of the implementation of this ecosystem approach, inter-
national and European regulations such as the Habitat Directive (HD, 
1992/43/CEE,) and the Marine Strategy Framework Directive (MSFD, 
2008/56/EC) have encouraged the creation of coherent and connected 
Marine Protected Areas (MPAs) networks, focused on achieving a bal-
ance between sustainable fisheries and other human activities, and 
habitats conservation. 

However, to be truly effective in achieving the conservation and 
management objectives for which they were created, MPAs require 
management strategies that consider various spatial scenarios and that 
integrate both concepts of biodiversity protection – including the po-
tential recovery and restoration of degraded habitats – and the sus-
tainable use [148]. The marine scientific community has made great 
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progress in the characterization of the benthic communities and the 
distribution of Vulnerable Marine Ecosystems (VMEs, e.g. [26,45,64, 
125,143,155,163]) as well as in the identification of the main human 
threats that potentially impact on marine biodiversity [42,51,69,133] 
and the detection of long-term changes in benthic communities as 
consequence of trawling and long-line fishing disturbance [3116,152]. 
However, despite advances in research on habitats and threats, there are 
still challenges in these data integration with the aim of quantifying the 
extent of the damage under different possible management scenarios, 
which is currently a primary concern for governments. 

Methodologies and indicators to detect physical damage caused by 
human activities are being tested in the framework of international 
conventions such as the International Council for the Exploration of the 
Sea-ICES, OSPAR and Barcelona Convention, with the aim of guiding 
spatial management and implement preventive as well as mitigating 
measures suitable to be used in the scope of HD, MSFD and CFP. 
Particularly, related to descriptor 6 “Sea-floor integrity”, several OSPAR 
indicators (e.g. Typical species composition-BH1 and Extent of Physical 
Damage to Predominant and Special Habitats-BH3; [52]) and the 
Mediterranean indicator “Habitat range”, face this challenge. Besides, 
Elliot et al., (2018) suggested a methodology that will eventually pro-
vide disturbance maps to serve managers, based on the integration of 
habitat sensitivity maps and the distribution of the intensity of the 
pressure within the area of study. These two datasets are combined using 
a disturbance matrix to obtain a disturbance map per benthic habitat 
and pressure type. 

In order to assess the sensitivity of benthic communities to fishing 
activities, since not all habitats are equally sensitive to them [37,69], 
there has been much progress in recent years by using Biological Traits 
Analysis (BTAs) (e.g. [40,42,69,84,121,160,162]). Habitats subjected to 
high levels of natural disturbance are more resilient than structurally 
complex biogenic habitats which usually are relatively undisturbed by 
natural perturbations [37,82,162]. In the same line, healthy biogenic 
habitats composed of long-lived species with higher functional redun-
dancy are more susceptible to physical disturbance than degraded 
habitats [46,48,126], which is reflected by their own characteristics, 
biological and functional traits [17,69]. Therefore, the ecological re-
sponses of benthic habitats to fishing disturbance are the result of 
combining the sensitivity of a set of key species that is part of each 
habitat or of the total set of species that make up each habitat [116], 
which have associated intra- and interspecific relationships among them 
within the habitats [42,69]. 

The Seco de los Olivos is a seamount with high ecological importance 
and biodiversity value located within a Site of Community Importance 
(SCI) of the Natura 2000 network, which requires a management plan to 
become Special Areas of Conservation (SAC). As a result of the LIFE+
INDEMARES project, a wide range of vulnerable marine ecosystems 
with a patchy distribution has been characterized such as mixed cold- 
water corals, gorgonians and black corals gardens, sponge aggrega-
tions, sea pen fields and giant oyster facies on hard bottoms as well as sea 
pens and bamboo corals fields on soft bottoms [47]. However, the area is 
frequented by both professional and recreational fishermen who use 
different fishing gears such as otter trawls, gillnets, trammel nets, 
long-lines and pots [43], which act over different types of substrates and 
potentially modify the integrity of benthic communities. 

In this study, using this seamount as a case of study, we carried out a 
practical development of the specific methodology proposed by Elliot 
et al. (2018) to evaluate the distribution of the different degree of 
disturbance that benthic habitats suffered as a consequence of industrial 
bottom trawling and long-line fishing -described as the major pressures 
in the area-. We forecasted the distribution of the potential influence 
that may have fishing activities on the benthic habitats, by jointly 
spatially assessing the extent of the impact and mapping the sensitivity 
of all the habitats to these activities. In addition, we used different 
thresholds of probability of presence of the different habitats obtained 
from distribution models to define both, priority conservation and 

potential recovery areas. Since restoration concepts are unachievable in 
the short term (Van Dover et al., 2014), spatial management has been 
recognized likely to be the most effective strategy to conserve benthic 
communities of seamount ecosystems [36,154] offering also an oppor-
tunity to improve our understanding of recovery for future management. 

All of this information -disturbed, priority conservation and potential 
recovery areas-, taken together, could be used to inform marine spatial 
planning and ecosystem-based management in this MPA. 

2. Materials and methods 

2.1. Study Area 

The Seco de los Olivos Seamount is a marine biodiversity hotspot 
[43,44,113] located within the SCI “Sur de Almería-Seco de los Olivos” 
(Orden AAA/2280/2014) of the Natura 2000 network, designated to 
ensure the protection of specific species (Caretta caretta and Tursiops 
truncatus) and habitats (1120-Posidonia oceanica meadows and habitat 
1170- Reefs). Also known as Chella Bank (e.g. [4112]), is a completely 
submerged volcanic feature located approximately 10 nautical miles off 
the Southern coast of Spain, in the Northeast Alboran Sea, Western 
Mediterranean (Fig. 1). 

It covers a total area of about 100 square kilometers, with a depth 
range between 70 and 700 m. A variety of habitat-forming species that 
appear in high densities in this small area, conforming what is known as 
“marine animal forests” [60,149] has been recorded [44,45]. This 
biodiversity hotspot is also a valuable fishing area for professional and 
recreational fishermen, probably due to the high availability of food 
caused by local currents and upwellings that enhance primary produc-
tion and plankton biomass in the area [1]. A wide variety of fishing 
techniques are used in this seamount including those demersal fisheries 
which brings fisheries into direct contact with benthic habitats and 
species, such as otter trawl catching blue whiting (Micromesistius pou-
tassou), blackbelly rosefish (Helicolenus dactylopterus), silvery pout 
(Gadiculus argenteus) and hake (Merluccius merluccius) [1]; set gillnet 
used for Pagellus spp., blue whiting, red scorpionfish (Scorpaena spp.) 
and mullets (Mullus spp.); traps used for soldier shrimp (Plesionika spp.); 
and set bottom long-line targeting blackspot seabream (Pagellus bogar-
aveo) [8]. Because of their proximity to the Spanish coast, recreational 
fishing has also reached a very important level in Seco de los Olivos, 
mostly on the steeper slopes of the surrounding ridges, where species 
coveted by this fishing are found, such as the grey grouper (Epinephelus 
caninus) [43]. 

The spatial assessment carried out in this study can be of help to 
inform the management plan required in this area to become a SAC of 
the Natura 2000 network. 

2.2. Benthic Habitats data 

Eight biogenic benthic habitats were identified and modeled in 
previous studies [44,45] (Table 1; Fig. Supplementary 1), all of them 
characterized by epibenthic megafaunal species. An additional habitat 
structured by Caryophyllia smithii (var. clavus) on sandy bottoms was 
identified in those works but it was excluded from this study because we 
reckoned that it did not create a structural complexity that would sup-
port a community that would be modified by physical damage from 
bottom fishing. Additionally, in the framework of this study, five distinct 
non- biogenic benthic habitat types (not structured by some epibenthic 
megafaunal species) were identified and their distribution modeled by 
combining layers of seabed type and bathymetry. Mud and detritic sand 
were grouped together into "soft bottoms" while dead coral framework 
and rock were grouped into "hard bottoms"(Table 1). 

Biogenic habitat distributions were obtained in the previous study by 
selecting as presence value, for each pixel, only those predicted proba-
bilities of presence higher than their prevalence [45]. To obtain a 
complete single continuous raster map of all benthic habitats, both 
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biogenic and non-biogenic habitats were merged, keeping for each grid 
cell biogenic habitats when present, and only keeping non-biogenic 
habitats when no biogenic habitat was present. In each pixel where 
several biogenic habitats overlapped, the one with the highest proba-
bility of occurrence was selected. 

2.3. Habitat sensitivity 

Habitat sensitivity assessment was carried out by combining 

resistance – ability of a system to remain unchanged despite disturbances 
[72] – and recovery – re-colonization or re-growth following disturbance, 
ideally towards pre-disturbance levels [115] – characteristics of species 
considering two specific pressures: trawling and long-line fishing. The 
sensitivity of each benthic habitat to each fishing pressure was calcu-
lated as a combination of the sensitivity of all the epibenthic megafaunal 
species making up the biological component of each habitat. We also 
calculated the sensitivity using only the habitat-forming species (HFS) or 
using only the most sensitive species in each habitat, since some authors 
have proposed that habitats sensitivity should be defined considering 
only key species (structuring and/or indicator species) whose loss from 
the community would be expected to seriously change the nature of the 
habitat and possibly its viability [116] rather than all the species present 
in the habitats. However, these analyses were discarded as they gave 
very similar results in all the non-biogenic habitats and were therefore 
less conclusive (Supplementary Table 3). 

To perform this sensitivity assessments, species data from each 
benthic habitat were obtained from three ROV (Seaeye Falcon & Falcon 
DR) surveys conducted by OCEANA on board the Oceana Ranger from 
2010 to 2012. Fifty-five ROV video transects of both soft and hard 
bottoms were analysed, covering approximately 67.52 km of benthic 
imagery scattered around the seamount (see details in [44,45]). 

The sampling unit consisted of 1-min continuous movement ROV 
tracks within a single habitat at a 0.2–0.4 knot speed and thus, all 
megabenthic (> 2 cm) invertebrate falling into one sample were recor-
ded, identified to the lowest possible taxonomic level and quantified in 
abundance terms (number of individuals or colonies). Samples with HFS 
in abundance of more than 5 individuals were associated with a specific 
biogenic habitat based on a cluster analysis made in a previous study 
[44]. This threshold was based on a curve of mean species richness 
obtained as a function of the number of HFS (not shown, see in [44]). In 
this curve a marked change in species richness occurred at abundances 
of five HFS individuals or colonies. This novel methodology for defining 
habitats based on species richness has also been more recently used in 
Rowden et al. [150]. The rest of samples, with less than five HFS in-
dividuals or colonies per sample, were classified as belonging to 

Fig. 1. Map of the Seco de los Olivos Seamount showing the Remotely operated vehicle (ROV) sampling stations (color dots) recorded across the seamount. Biogenic 
benthic habitats identified and mapped in previous studies [44,45] are displayed in different colors. The inset shows the location of the seamount (red square) close 
to the south-west edge of the SCI “Sur de Almería- Seco de los Olivos” (blue polygon) and within the Mediterranean Sea. 

Table 1 
Main benthic habitats (biogenic and non-biogenic) identified and modeled at the 
Seco de los Olivos seamount. The names in quotation marks indicate the short 
name of the habitats used throughout the text and figures.  

BENTHIC 
HABITAT 

NAME 

BIOGENIC HABITATS 
1 Circalittoral maërl or rodholites with Alcyonium palmatum and 

Paralcyonium spinulosum (‘maërl-alcyoniina’) 
2 Circalittoral rock with Viminella flagellum and Chironephthya 

mediterranea (‘rock-alcyonacea’) 
3 Circalittoral rock with Eunicella verrucosa and Paramuricea 

clavata (‘coralligenous-gorgonians’) 
4 Bathyal hard substrate with gorgonians (Acanthogorgia hirsuta 

and Swiftia pallida) and sponges (Asconema setubalense and other 
white sponges) (‘rock-gorgonians and giant sponges’) 

5 Bathyal hard substrate with corals (Madrepora oculata, Savalia 
savaglia and Leiopathes glaberrima) (‘rock-white and black corals’) 

6 Bathyal mud with pennatulids (Kophobelemnon stelliferum) (‘mud- 
pennatulids’) 

7 Bathyal mud with Isidella elongata (‘mud- bamboo corals’) 
8 Circalittoral detritic sand with pennatulids (Pennatula rubra) 

(‘sand-pennatulids’) 
NON-BIOGENIC HABITATS 
SBcirca Circalittoral soft bottoms 
SBbat Bathyal soft bottoms 
MBrhod Circalittoral bottoms with rhodoliths 
HBcirca Circalittoral hard bottoms 
HBbat Bathyal hard bottoms  
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non-biogenic habitats, based on their type of substrate (mud, detritic 
sand, maërl-rhodoliths, dead coral framework, and rock) and depth 
(circalittoral: <200 or bathyal: ≥200 m). For more details about sam-
pling design, see [44]. 

Each species was assigned a sensitivity value for each fishing pres-
sure using Biological Traits Analysis (BTA) and therefore, combining 
structural data for species communities with information related to the 
functional features of each species [23]. Nine biological traits were 
recorded: maximum size, longevity, motility, attachment, benthic po-
sition, flexibility, fragility, feeding mode and body form. Each trait was 
scored to classify each epibenthic megafaunal morphotype according to 
its association with different modalities of functional traits. Thus, each 
species or morphotype was assigned a value for each characteristic ac-
cording to the modalities described in Table 2. Information on the 
characteristics or functional traits of each species was gathered from 
specific online data bases [117,168], scientific articles and grey litera-
ture and from expert judgement (when no other relevant information 
source was available, information was inferred from closely related 
species or higher taxa). The list of species and traits are provided in De la 
Torriente et al. [46]. 

In order to calculate the sensitivity of species to trawling, we used the 
BESITO index [69], which classifies species according to their response 
to trawling disturbance. This index assigns values ranged from 1 (lowest 
sensitivity) to 5 (highest sensitivity) to each species (Supplementary 
Table 2) by combining 8 biological traits (maximum size, longevity, 
motility, attachment, benthic position, feeding mode, flexibility and 
fragility) which reflects both resistance and recovery capacities of the 
species. The most sensitive species (group 5) were those sessile species, 
permanently attached, emergent (> 20 cm), long-lived species (> 11 
years) with medium or large sizes (>11 cm), filter-suspension-deposit 
feeder, mostly unprotected and with little or no flexibility. The least 
sensitive species (group 1) were those vagile species that actively crawl 

and/or swim near the surface, mostly carnivorous and/or scavengers 
with longevities of less than 10 years and medium and small sizes (<
10 cm). Species with intermediate sensitivities showed intermediate 
trait patterns between the two groups described above. 

To calculate the sensitivity of species to longline fishing, and because 
there is no already defined index combining the characteristics of the 
species to assess sensitivity of species to this type of fishing, we selected 
from all traits only 3 (maximum size, attachment and body form). The 
selection of the traits was based on the general knowledge of longline 
impacts on epibenthic communities [51,131,133,152] and they reflect 
the resistance of the species to this fishing gear, rather than their re-
covery capacity. As longline fishing generates less direct damage on the 
environment than trawling and changes on benthic communities are less 
detectable [32,133], we classified the species only into three groups of 
sensitivity (lowest, medium and highest sensitivity), according to their 
response to this activity (Supplementary Table 2). The most sensitive 
species (group 3) were those sessile species, permanently attached, with 
large sizes (>50 cm) and stalked, tree-shaped and erect body shapes, 
including erect planar forms. The least sensitive species (group 1) were 
those actively mobile and/or swimming species, with a flattened or 
globular body shape and even sessile and attached species but of small 
size (< 2 cm). Species with intermediate sensitivity showed intermedi-
ate trait patterns between the two groups described above: sessile and 
permanently attached species with stalked, tree-shaped and erect body 
shapes but of medium and medium-large size (2–50 cm) and vagile 
species with globular or mound body shape and medium-large size. 

In a next step, sensitivity to trawling or long-line fishing was calcu-

lated per sample as Sensitivity =

∑
Ni x Bi

Ntotal , where Ni is de number of in-
dividuals of the species i, Bi is the sensitivity value of the species i and 
Ntotal is the total number of individuals in the sample. Finally, sensi-
tivities of each habitat to both types of fishing were calculated as the 
round average sensitivity of all the samples from each habitat to each 
type of fishing. Differences among habitat sensitivities were tested with 
the non-parametric Kruskal-Wallis test [86], and when they were 
detected, pairwise “post-hoc” Wilcoxon rank sum test (method = holm) 
were run to identify the habitats responsible for such differences. 

Sensitivity maps were built by giving each grid cell the sensitivity 
value of the habitat present according to the continuous raster map of all 
benthic habitats. 

2.4. Anthropogenic pressures data 

The distribution of effort for the most frequently gears used that have 
the greatest potential to cause physical disturbance to benthic habitats 
such as otter trawl and set bottoms long-line (Supplementary Fig. 2) 
were examined. Fishing effort data was collated for all fishing vessels 
higher than 15 m in length operating in the seamount during 
2010–2012. Spatial distribution of their activity was obtained using 
logbook data to identify the fishing gear and the Vessel Monitoring 
System (VMS) datasets to know the location of the fishing vessel at 
regular intervals of two hours (ping). These two data sources were 
provided by the Spanish Ministry of Agriculture, Fisheries and Food. 

Global Positioning System-GPS location data from VMS and type of 
gear from logbooks were linked using ship code and trip date fields. 
Filtering and processing techniques used to remove pings not related to 
fishing activity were applied [77,110] and only effective trawling time 
of the nets on the bottom was considered as effort for the assessment of 
otter trawl while for longline, effort was considered to be only the time 
allocated to longline retrieval. These effective times of fishing were 
defined based on the working speed ranges of the vessels according to 
the frequency distribution of the average speed of the vessels that used 
each type of gear [77]. To obtain the spatial distribution of time of 
fishing by year, all the times of all the pings located in the same grid 
were added together, using a 250 × 250 m grid. 

The three raster maps from each year were combined in a unique 

Table 2 
Biological traits and criteria used for the sensitivity assessment.  

TRAITS SCORE CRITERIA 

MAXIMUM SIZE  1 Small (<2 cm)  
2 Medium (2–10 cm)  
3 Medium-Large (11–50 cm)  
4 Large (>50 cm) 

LONGEVITY  1 < 5 years  
2 5–10 years  
3 11–50 years  
4 > 50 years 

MOTILITY  1 Swimmer  
2 Crawler  
3 Burrower and/or occasional crawler  
4 Sessile 

ATTACHMENT  1 None (vagile)  
2 Occasional displacement  
3 Temporary  
4 Permanent (sessile) 

BENTHIC POSITION  1 Burrowing  
2 Surface  
3 Emergent (> 20 cm) 

FEEDING MODE  1 Scavenger and/or carnivorous  
2 Predator, omnivores  
3 Deposit-feeder and/or suspension-feeder  
4 Filter-feeder 

FLEXIBILITY  1 High (>45º) and/or vagile organisms  
2 –  
3 Low (10–45º)  
4 None (<10º) 

FRAGILITY  1 Hardshell  
2 Strong  
3 No protection  
4 Fragile shell 

BODY FORM  1 Flattened (dorsally and laterally)  
2 Globular or Mound  
3 Erect, Stalk and tree-like  
4 Planar erect  
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map of pressure intensity by adding the values of the three years. In 
order to identify those habitats that were subjected to greater fishing 
pressure, for each gear, the percentage of the fishing effort (time) 
registered in each habitat was calculated. Different levels of fishing 
effort were defined by using the quartiles, so that effort was divided into 
6 levels, from no effort to very high level of effort. The distribution of the 
different levels of fishing effort was overlapped with the distribution of 
the habitats, in order to assess the extent of the area of each habitat 
potentially impacted by fishing activities, and hence, the relative fre-
quency of grid cells subjected to each level of fishing pressure was 
assessed for each habitat. 

2.5. Disturbance maps 

Disturbance refers to the physical action of the gears, both trawl nets 
and fishing lines, on the benthic communities. Disturbance distribution 
maps per pressure type, trawling and long-line fishing, were obtained by 
combining habitat’s sensitivity and pressure maps, according to the 
scheme and disturbance matrix developed by Elliot et al. (2018) which 
categorize grid cells in 9 different levels of disturbance. In this matrix, 
the calculation of the value of disturbance (D) is obtained by applying 
the following equation: = b + ab

b , where b is sensitivity and a is pressure. 
Weighting the values, these authors reflected that the low sensitive 
benthic habitats were less affected by pressure while highly sensitive 
benthic habitats were more affected by pressure. 

Nine and seven distinct levels of disturbance from trawl and long-line 
fishing, respectively, were calculated. The distribution of the different 
levels of disturbance was overlapped with the distribution of the habi-
tats, in order to assess the extent of the area of each habitat disturbed by 
fishing activities. 

All data analyses were performed in R 3.2.4 [141]. 

2.6. Potential scenarios and its application to management 

Distribution and surface covered by each habitat are defined by the 
threshold used when modelling to translate the predicted probability of 
presence of each habitat into a presence-absence classification map. 
Since the results obtained by applying the methodology proposed in this 
study depend, in the first instance, on the distribution of habitats and 
their coverage in the study area, three other thresholds in addition to 
prevalence were used to delineate benthic habitats distribution (Sup-
plementary Table 1) in order to test the methodology in different 
scenarios. 

Two of the three thresholds (quantile 10 and spec-sens) studied 
presented very similar values to those obtained with prevalence and 
showed almost the same locations for biogenic habitats throughout the 
study area (Fig. Supplementary 3). However, a threshold (kappa) 
showed a more limited distribution for most biogenic habitats, 
increasing the proportion of area covered by non-biogenic habitats. 
Therefore, disturbance analyses carried out in this study were repeated 
using the threshold kappa to define the distribution of benthic habitats 
and results compared with those obtained using prevalence. While 
prevalence is the threshold at which modeled prevalence (the overall 
proportion of locations where the variable is predicted to be present) is 
closest to observed prevalence, kappa is the threshold at which the 
kappa statistic is maximized and therefore, the proportion of correctly 
classified locations after accounting for the probability of chance 
agreement is the highest. 

As a complementary spatial analysis based on these two scenarios 
that show two different distributions of benthic habitats, areas on the 
Seco de los Olivos were classified to define both, priority conservation 
and potential recovery areas. Each pixel was assigned a value from 1 to 3 
depending on whether the two thresholds, only one or none respec-
tively, identified it as a potential area for the distribution of a biogenic 
habitat based on environmental conditions. These areas, evaluated 

together with areas characterized by different levels of disturbance, can 
provide a useful overview to inform marine spatial planning in this 
marine protected area. 

3. Results 

3.1. Habitat sensitivity 

When comparing biogenic and non-biogenic habitats in the same 
substrate type (soft, rhodoliths and hard) and depth range (circalittoral 
and bathyal), biogenic habitats showed significantly greater sensitivity 
to both trawling and longlining than non-biogenic habitats (Chi-square 
= 1141.1; p-vale <2.2e-16) (Fig. 2; Table 3). In the case of trawling, the 
most sensitive habitats were the biogenic habitats on the circalittoral 
(Habitats 2-‘rock-alcyonacea’ and 3-‘coralligenous-gorgonians’) fol-
lowed by the other biogenic habitats. Only one habitat (the non-biogenic 
‘SBcirca- Circalittoral soft bottoms’) showed a sensitivity value equal to 
1, indicating a non-sensitive habitat. In the case of longline fishing, all 
biogenic habitats were shown to be sensitive, while all non-biogenic 
habitats were shown not to be sensitive, except for habitat HBbat- 
Bathyal hard bottoms, which also obtained a sensitivity value equal to 
two. Although the Hab-7 Isidella elongata showed a slightly higher value, 
none of the sensitive habitats reached the highest level of sensitivity. 

The most sensitive benthic habitats for both trawling and longlining 
are distributed mainly on the top of the central bank and on the pin-
nacles of the surrounding lateral elevations (Fig. 3). 

3.2. Anthropogenic pressure 

Fishing effort was patchily distributed throughout the study area 
(Fig. 4). Trawling effort, specifically, although widespread distributed 
throughout the seamount, was especially noticeable in the eastern side 
of the study area and above all, on the trawling grounds located north 
and south of the study area. Nevertheless, patchy areas without trawling 
effort (level 0) were also found, possibly indicating areas not suitable for 
trawling. Distribution of the longlining effort, however, was clearly 
concentrated on the crests of the surrounding ridges as well as on the 
summit of the central guyot. 

All the habitats described on this seamount, both biogenic and non- 
biogenic, were subjected to bottom fishing (Fig. 5). Habitat 1-‘maërl- 
alcyoniina’ was found to have the smallest area exposed to trawling 
effort, with 89.4% of its area of distribution not being subjected to 
fishing (effort level=0), followed by habitats ‘MBrhod- Circalittoral 
bottoms with rodholiths’ (75.3%) and ‘HBcirca- Circalittoral hard bot-
toms’ (75.2%). On the contrary, habitats with the highest percentage of 
its distribution subjected to different levels of trawling effort were the 
habitat 6-‘mud-pennatulids’ (62.8%), ‘SBbat- Bathyal soft bottoms’ 
(52.7%), ‘SBcirca-Circalittoral soft bottoms’ (50.3%;) and habitat 8- 
‘sand-pennatulids’ (prevalence:47.6%). 

The results obtained from the analysis of the longline data showed 
that habitats on soft bottoms, both biogenic and non-biogenic, had the 
lowest percentage of their distribution subjected to longline fishing: 
SBcirca (63.8%), hab 6- ‘mud-pennatulids’ (61.9%), hab 7- ‘mud- 
bamboo corals’ (61.3%), SBbat (59.5%) and hab 8- ‘sand-pennatulids’ 
(55.7%). In contrast, habitats with the largest percentages of its area of 
distribution subjected to fishing were those biogenic on circalittoral 
bottoms with rhodoliths and bathyal hard substrates, such as habitat 1- 
‘maërl-alcyoniina’ (81.3%) and habitat 4- ‘rock-gorgonians and giant 
sponges’ (74.3%). 

Based on the images from the ROV transects, while the persistence in 
good conditions of larger colonies of species such as Paramuricea clavata, 
Eunicella verrcuosa or Madrepora oculata and sponges such as Asconema 
setubalense on rocky bottoms may reveal areas unexposed to fishing, 
images of broken, isolated and scattered colonies of M. oculata, giant 
sponges A. setubalense bent, gorgonians such as Acanthogorgia hirsuta and 
black corals such as Leiopathes glaberrima and even crustaceans and 

A. De la Torriente Diez et al.                                                                                                                                                                                                                 



Marine Policy 135 (2022) 104850

6

urchins evidently entangled and covered by a high number of fishing 
lines and nets, revealed areas exposed to both fishing types (Fig. 6). 
Furthermore, wide bands of dead coral debris at the base of rocky areas 
covered by fishing debris (lost lines, ropes, weights, nets, anchors, etc.) 
as well as damaged gorgonians (e.g. Acanthogorgia hirsuta, Isidella elon-
gata, Leiopathes glaberrima) with few irregular branches provided addi-
tional evidence of widespread fishing disturbance in the area. This is 
even more evident in soft bottoms, where the occurrence of smaller 
colonies of the bamboo coral I. elongata in low density, with a low 
number of branches, many of them dead and covered by parasitic epi-
bionts, in areas marked by trawling scars (Fig. 7), may indicate areas 
impacted by fishing activities. 

The assessment of the fishing effort (time and area covered) carried 
out on each benthic habitat is shown in Fig. 7. The most heavily trawled 

habitat was the non-biogenic ’SBbat- Bathyal soft bottoms’. However, 
the rest of the fishing effort was conducted mainly on biogenic habitats 
(6-‘mud-pennatulids’, 4-‘rock-gorgonians and giant sponges’ and 7- 
‘mud-bamboo corals’ and 2-‘rock-alcyonacea’). Conversely, fishing time 
on biogenic habitats was longer for longline fishing, reaching percent-
ages of 71.7%. Almost half of the total effort time (45.6%) was found to 
be carried out on the habitat 4-‘rock-gorgonians and giant sponges’. 
Considering the area covered by all the studied benthic habitats and the 
different levels of effort, in 50.1% of the grid cells no trawling and 
longlining (effort level=0) were registered. The level of trawling effort 
varied where fishing was registered, from level 1 in 24.2% of the grid 
cells to level 5 that occurred only on 1.4% of the grid cells. The distri-
bution of the different levels of effort where longlining was registered 
was 6.8%, with this maximum value corresponding to level 5 of effort. 

3.3. Habitat disturbance 

The nine possible disturbance levels were found (Fig. 8) and 
disturbance distribution maps per pressure type, trawling and long-line 
fishing, were obtained (Fig. 9) by using the disturbance matrix and 
scheme developed by Elliot et al. (2018). 

Some degree of disturbance from trawling was recorded in 49.9% of 
the study area (Fig. 8). The nine possible levels of disturbance obtained 
by the disturbance matrix were found, and 33.4% of the area was 
affected by a disturbance level of less than 5, while 16.5% was affected 
by the higher levels. From the total area, in 52.5% no degree of distur-
bance from longline fishing was registered. However, in the rest of the 
area, only levels of disturbance from 1 to 4 were found. The area affected 
by different levels of disturbance varies between 4.1% (level 3) and 
17.1% (4). 

The distribution of the areas of the highest disturbance followed a 
pattern similar to that of fishing effort (Fig. 9). The greatest disturbance 
from trawling were found throughout the seamount, with a higher 
concentration on some dispersed points around the central summit and 
in the north-eastern area, whereas the highest levels of disturbance from 
longlining were clearly concentrated on the crests of the surrounding 
ridges as well as on the summit of the central guyot. 

All the habitats had part of their distribution disturbed by both 
trawling and longlining (Fig. 10). Clearly, the area covered by biogenic 

Fig. 2. Sensitivity of the benthic habitats to trawl and longline fishing. Habitats with a biogenic component (in blue) and without a biogenic component (in fuchsia) 
were compared for the different categories of depth (circalittoral and bathyal) and bottom type (soft, rhodoliths and hard). 

Table 3 
Habitat sensitivity to trawl and longline fishing. The names in quotation marks 
indicate the short name of the habitats used throughout the text and figures.  

BENTHIC 
HABITAT 

NAME SENSITIVITY TO 
TRAWLING 

SENSITIVITY TO 
LONG-LINE 

BIOGENIC HABITATS 
1 ‘maërl-alcyoniina’  4  2 
2 ‘rock-alcyonacea’  5  2 
3 ‘coralligenous- 

gorgonians’  
5  2 

4 ‘rock-gorgonians and 
giant sponges’  

4  2 

5 ‘rock-white and black 
corals’  

4  2 

6 ‘mud-pennatulids’  4  2 
7 ‘mud- bamboo corals’  4  2 
8 ‘sand-pennatulids’  4  2 
NON-BIOGENIC HABITATS 
SBcirca Circalittoral soft 

bottoms  
1  1 

SBbat Bathyal soft bottoms  2  1 
MBrhod Circalittoral bottoms 

with rhodoliths  
2  1 

HBcirca Circalittoral hard 
bottoms  

3  1 

HBbat Bathyal hard bottoms  3  2  
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habitats reached higher levels of disturbance than the area covered by 
non-biogenic habitats. For trawling, the habitat 1-‘maërl-alcyoniina’, 
was the habitat whose area was found to be more undisturbed (89.4%). 
However, the area covered by biogenic habitats on circalittoral hard 
bottoms (habitats 3- ‘coralligenous-gorgonians’ and 2- ‘rock-alcyona-
cea’) were the habitats that reached more area of their distribution 
under the maximum level of disturbance (level 9), with percentages of 
9.6% and 7.4%. For longlining, habitats on bottoms with rhodoliths and 
hard substrates, had the highest extent of disturbed areas, with habitat 
1-‘maërl-alcyoniina’ showing the highest percentages of its distribution 
disturbed (81.3%). Habitat 4- ‘rock-gorgonians and giant sponges’ was 
found to have the highest area (53.8%) under the maximum level of 
disturbance (level 4). 

3.4. Potential scenarios and its application to management 

Comparing the benthic habitat distribution maps obtained with the 
prevalence and kappa thresholds, the prevalence map showed larger 
areas of overlap among the distribution of such biogenic habitats ob-
tained individually from the models (Fig. Supplementary 4). These 
overlapping areas are concentrated mainly at the central bank summit, 
where habitats of coralligenous and rhodoliths are distributed, and at 
the top of the surrounding ridges, where rocky habitats with corals and 
sponges are encountered (Fig. Supplementary 3). In each pixel where 
several biogenic habitats overlapped, the one with the highest proba-
bility of occurrence was selected for the final single continuous map. 
However, the map obtained with kappa showed a more limited 

distribution of biogenic habitats and hence, some non-biogenic habitats 
such as circalittoral bottoms with rhodoliths and circalittoral and 
bathyal hard bottoms, were more widespread. In this last map, only a 
slighter overlapping among biogenic habitats was found, especially on 
the central guyot. In fact, the ‘prevalence map’ showed that in 72.63% of 
the study area there was not overlap among biogenic habitats whereas 
this percentage increased to 97.40% on the ‘kappa map’, showing two 
different scenarios on the seamount. 

Therefore, the extent occupied by the most sensitive habitats varies 
depending on the threshold used (prevalence versus kappa) to perform 
the distribution modelling (Figs. 11(ii) and 12(ii)). However, since the 
distribution of the areas of the highest disturbance followed a pattern 
similar to that of fishing effort, there were no substantial differences in 
the distribution of the areas disturbed when using either threshold. 

Similar to what occurred when using the prevalence threshold, some 
degree of disturbance from trawling was recorded in almost half of the 
study area (49.6%) when using the kappa threshold and the nine 
possible level of disturbance were found (Fig. 11); however, the per-
centage of the are affected by the higher disturbance levels (from level 5 
to level 9) dropped from 16.5% in the prevalence scenario to 4.5% in the 
kappa scenario. Likewise, in 51.5% of the total area, no degree of 
disturbance from longline fishing was registered when using the kappa 
threshold, a percentage similar to the one we found when using preva-
lence (52.5%) and only disturbance levels below 5 were recorded. 
However, the percentage of the are affected by levels 3 and 4 dropped 
from 21.1% in the prevalence scenario to 12.1% in the kappa scenario 
(Fig. 12). 

Fig. 3. Distribution of benthic habitat sensitivity to (a) trawling and (b) longlining.  

Fig. 4. Fishing distribution maps: (a) trawling and (b) longlining.  
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Based on the forecasting scenarios obtained with the two thresholds, 
three different areas were classified and mapped (Fig. 13): (1) ‘core 
zone’, where both thresholds predicted the existence of biogenic habi-
tats, were located at the top and central area of the bank and sur-
rounding ridges; (2) ‘transition or buffer zone’, where only one of the 
thresholds predicted the existence of biogenic habitats, were located 
around the core zone, and (3) ‘zone without biogenic habitats’, where 
both thresholds predicted the absence of biogenic habitats were located 
mainly between the central bank and the lateral ridges. 

4. Discussion 

The spatial analyses performed in this study constitutes a practical 
application of a methodology that can be used to implement manage-
ment measures focused on achieving a balance between sustainable 
fisheries and habitats conservation and hence, for compliance with the 
various European directives related to the management of marine re-
sources and habitats protection. 

4.1. Methodological and conceptual approach 

The proposed methodology is applied in this study to habitats 
characterized by epibenthic megafaunal communities recorded by ROV 
sampling on a seamount, using some biological and ecological charac-
teristics of the species to assess their sensitivity to fishing activities. A 
more complete understanding of this marine ecosystem that includes the 
study of other compartment such as infauna communities as well as 
progress in the knowledge of various characteristics of the species most 
relevant to recovery success (other life-history traits such as fecundity, 
pelagic larval dispersal and settlement factors, population connectivity, 
spatial distribution, structural complexity, and the potential for regime 
shifts) [13], would allow progress to be made in evaluation of potential 
measures for future biodiversity conservation, habitats recovery and an 
appropriate management of activities in this MPA. However, this is 
especially complicated in areas of difficult access such as the deep-sea 
and therefore, unachievable in the short term. 

The analysis of sensitivity of benthic communities showed that 
biogenic habitats are more sensitive to trawl and longline fishing than 
non-biogenic habitats. This is explained by the high densities of habitat- 
forming species (HFS) that characterized biogenic habitats, mainly 
cnidarian (Alcyonacea, Antipatharia, Scleractinia and Pennatulacea) 
and porifera (Hexactinellida), considered to be the most susceptible to 
disturbance since these are all fragile three-dimensional sessile species 
with high longevity and slow growth rates, long reproductive cycles and 
low rates of recruitment [5,29,88,116,166]. The contribution of the HFS 
to the sensitivity of these biogenic habitats masks the sensitivity pro-
vided by the rest of the associated community. Although we also 
calculated the sensitivity of the habitats using only key species, analyses 
based on the entire biological community better reflected species 
composition and abundance of the non-biogenic habitats as these ana-
lyses resulted in a higher variability of sensitivity values for these 
habitats. 

Trawling is well known to modify benthic communities, even in 
areas with low fishing intensity, by reducing the abundance of long- 
lived and slow recruiting species, which are replaced by fast-growing 
opportunistic species ([33,116]; González-Irusta, 2018). For long-line 
fisheries, some studies have reported quite high effects on benthic 
communities [54,124,165], nevertheless, their impact is believed to be 
less deleterious than trawling [32,133]. Accordingly, much greater 
longline effort than trawling is required to cause similar damage to 
sensitive benthic habitats and therefore, changes in communities are not 
as detectable; even, similar vulnerable species compositions can be 
found within the community after many years of longline fishing [133]. 
Considering that the study area has traditionally and continuously been 
a fishing area where no specific management measures exist, different 
degrees of changes in species composition are expected: in areas sub-
jected to trawling, both changes in the relative abundance of species and 
even their disappearance, as well as changes related to the early stages of 
ecological succession are expected to be detectable and hence, the 
sensitivity of species to trawling was assess based on their resistance and 
recovery capacities [116,136]; however, only traits related to resistance 
were selected when assessing sensitivity of species to longlining since in 

Fig. 5. Relative frequency of grid cells of each benthic habitat subjected to the different fishing effort levels: (a) trawling, and (b) longlining. Effort level 0 included 
all the grid cells where no fishing was registered. The relative effort is for each type of fishery and the values are not comparable between them. 
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areas subjected to this type of fishing, only changes due to the disap-
pearance of individuals are expected to be found. 

To find areas that contain habitats vulnerable to anthropogenic ac-
tivities and inform spatial management decisions requires, in addition to 
knowing the sensitivity of the habitats to physical damage, to know their 
exposure to external factors [116]. Although sensitivity and vulnera-
bility are sometimes used as synonymous, sensitive habitats to fishing 
are only vulnerable to this activity in those areas where their distribu-
tion overlap [116]. Sensitive habitats that are not vulnerable today may 
become vulnerable habitats if the distribution of fishing effort changes 
in the future. The approach of this study makes it possible to predict the 
effect of disturbance that would exist under different possible manage-
ment scenarios of fishing activities. 

The overlap of habitat distribution and fishing effort to allow pre-
dicting areas of maximum and minimum disturbance was made on the 
basis of models, which forces us to take the limits with some caution. On 
the one hand, habitat modeling techniques generate predictions that 
provide a probability of presence that needs to be translated into a 
presence-absence classification map by a choice of a threshold. Both, 
model accuracy and predicted prevalence can vary depending on the 
threshold used, so it should be chosen to match with each map intended 
use [62]. In our study, using the threshold prevalence, the prediction 
responded to a more precautionary approach, assigning greater area of 
distribution to biogenic habitats (more sensitive habitats), while using 

the kappa threshold, we obtained a more limited prediction for these 
biogenic habitats, more restricted to the core areas of the habitats. We 
believe that the best way to assist with spatial management advice is by 
proposing comparative scenarios based on both thresholds, offering a 
range of plausible scenarios to managers and stakeholders. On the other 
hand, benthic habitat and fishing effort distribution data were obtained 
at different scales. Habitats were identified and characterized using an 
average sample size of 13 m. However, the use of VMS data requires the 
acquisition of position data every 2 h for European Union-EU vessels 
fishing in EU waters, meeting the mandated in European legislation for 
ensuring compliance with the rules of the Common Fisheries Policy 
[55], which implies resolutions of about 3 km. This coarse resolution 
limits the accuracy in the assessment of physical disturbance over each 
benthic habitat, especially in border areas between soft and hard sedi-
ments, highlighting the need to have more demanding regulations that 
provide information on a smaller scale. 

Finally, in order to have a truly complete picture of the impact of 
fishing on benthic habitats, additional to professional fishing, artisanal 
and recreational fishing data from the Seco de los Olivos needs to be 
acquired and analyzed. Although changes in the distribution of effort 
and areas subject to these activities are not to be expected since they use 
the same fishing grounds, this could probably correct a possible slight 
underestimation of effort levels in areas where longline fishing operates, 
while no substantial changes in trawling levels are expected. 

Fig. 6. ROV images showing impacts from 
fishing in the study area: species colonies 
entangled by fishing line: (a) Madrepora oculata, 
(b) Leiopathes glaberrima and Madrepora oculata, 
(c) Neopycnodonte zibrowii giant oyster reef, (d) 
broken pieces of Asconema setubalense; (e) a sea 
urchin and a piece of Asconema setubalense 
entangled in an derelict net, (f) Isidella elongata 
colony partially covered by epibionts, (g) a 
trawl mark within the benthic habitat charac-
terized by Isidella elongate; and (h) dead coral 
framework crossed by trawl marks.   
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4.2. Habitat disturbance 

Trawling effort was carried out mainly on soft bathyal substrates, 
both biogenic and non-biogenic. Habitats with the relative largest area 

affected by trawling was the habitat characterized by the sea pen 
Kophobelemnon stelliferum, which also was among the habitats that 
reached the highest levels of disturbance, along with the circalittoral 
biogenic habitats on hard substrate. Few dense facies of K. stelliferum 

Fig. 7. Fishing effort carried out on each benthic habitat: Percentage of time of (a) trawling and (c) longlining; and absolute frequency (total number of grid cells) 
distribution of effort levels of (b) trawling, and (d) longlining. 

Fig. 8. Habitat disturbance assessment from (a) trawling and (b) longlining, using the combination of sensitivity levels and pressure effort in a disturbance matrix 
developed by Elliot et al. (2018). The area occupied (%) by each level of disturbance was in added. 

Fig. 9. Disturbance distribution maps from (a) trawling and (b) longlining, using categories ranging from 1 to 9, with 9 representing 100% disturbance.  
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have been described for the Mediterranean, probably because this 
fragile species has disappeared due to trawling activity and at present 
their occurrence is limited to areas where this activity is not possible 
[71,118]. The trawlable soft bottoms of the study area, interpolated with 
rocky bottoms, are very limited [1], which would explain why this 
habitat continues to exist, even though under fishing pressure. The 
habitat characterized by the bamboo coral Isidella elongata also on 
bathyal soft bottoms showed lower disturbance levels than that of 
K. stelliferum, even though both habitats revealed similar sensitivity 
values, which can be explained by its lower vulnerability (i.e its sensi-
tivity plus its exposure to trawling). This situation is contrary to the one 
described for the facies of this species on deep-sea soft bottoms of the 
Mediterranean, which have suffered substantial reductions due to 
intense trawling [30,120] and, their widespread distribution throughout 
the Mediterranean in the past [119], have, at present, almost completely 
disappeared [49,56,120,134,153]. The absence of I. elongata from 
extensive areas under trawling pressure on the Seco de los Olivos are 
likely explained by the effect of chronic bottom trawling activity in the 
area, leaving only a few scattered colonies. Cartes et al. [30] found that 
even low trawling pressure is enough to remove almost all the colonies 
of this species from a pristine ground. Those areas were classified in this 
study as the non-biogenic habitat SBbat, instead of the biogenic habitat 
hab 7- ‘mud- bamboo corals’, and as a result, the overlap between 
habitat distribution and pressure was smaller. These areas host a high 
potential as recovery areas for this highly threatened species and should 
be areas of special interest in the development of any management plan 
of the MPA. 

Circalittoral biogenic habitats on hard substrate such as cor-
alligenous and rocky bottoms with alcyonacea species, have also suf-
fered an intense trawling pressure in the Mediterranean [10,59]. The 
higher levels of disturbance from trawling showed by these habitats on 
the study area are due to their sensitivity, because even though they 
have less area under fishing pressure than others, they are the most 
sensitive habitats found. Likewise, although hard bottoms, especially 
those found on irregular and abrupt rocky substrates, do not seem to be 
the most feasible for trawling and we assume that some of the overlap 

can be explained by differences in scale between habitat and fishing 
effort maps, it cannot be ruled out that technological development has 
allowed this type of fishing to develop on hard bottoms on the deep-sea 
[61,138] and, especially, on the limits with highly associated diversity 
[81,87,145]. This, together with their high sensitivity, could explain the 
disturbance reached in this type of deep substrates characterized by 
sponges and corals. 

Bottom trawling has also been identified as the most severe threats 
for maërl or rhodolith beds which causes a decrease of the size and 
coverage of the algae as well as the biodiversity associated [11,18,21,73, 
128]. Contrary, Borg et al. [20] and Moranta et al. [122] reported higher 
abundance and coverage of rhodoliths in areas subjected to trawling. In 
our study area, despite the biogenic habitat on bottoms with rhodoliths 
was identified as highly sensitive to both longlining and trawling, it 
showed to be much less vulnerable to trawling than longlining, as the 
overlapping area with the fishing effort was smaller for this fishing gear. 
In fact, the habitats whose distribution was most disrupted by longlining 
were those on bottoms with rhodoliths and circalittoral hard substrates, 
both biogenic and non-biogenic, which were also the habitats that 
reached the highest levels of disturbance. All other hard bottom habi-
tats, especially bathyal biogenic ones characterized by white and black 
corals, gorgonians, and sponges, also showed high percentage of their 
area with high levels of disturbance from longlining. Similar results have 
been obtained in other studies [12,51,61,124,127,144,152], which 
suggested that bottom longlining negatively affects these vulnerable 
ecosystems, to the extent that it seems highly likely that there are no 
pristine deep coral forests that have not been impacted by this activity in 
rocky fishing grounds of the Mediterranean basin [14]. Although the 
effects of intense long-lining on sensitive habitats has not been yet 
significantly detectable [133], it may still represent a serious threat if 
fishing intensity is high [12,34,124]. 

Percentage of longlining effort carried out on biogenic habitats and 
on hard bottoms was relatively higher than for trawling and the lower 
sensitivity of non-biogenic habitats was also reflected in the lower levels 
of disturbance from longlining shown by these habitats. Habitat builder 
species that have large and arborescent growth body forms are 

Fig. 10. Relative frequency of grid cells of each benthic habitat disturbed by fishing: (a) trawling, and (b) longlining. Disturbance level 0 included all the grid cells 
where no fishing was registered. 
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particularly vulnerable to encounter fishing lines. These species are 
easily entangled on fishing lines, being captured as bycatch or remaining 
on the bottom with their broken branches or their tissues damaged and 
being more vulnerable to pathogenic microorganisms colonization and 
eventually dying [12,14,28,124,152]. In contrast to trawling, the hab-
itats with the smallest area affected by longlining were those on soft 
bottoms, both circalittoral and bathyal, with null or very low vertical 
development and structural complexity. 

Differences between the most disturbed areas from trawling and 
from longlining on the Seco de los Olivos were detected. Trawling effort 
was patchily distributed throughout the study area, whereas longlining 
effort was clearly concentrated on the crests of the surrounding ridges as 
well as on the summit of the central guyot. Rocky banks and steep flanks 
are usually inaccessible and avoided by large trawlers, while they are 

important grounds feasible for professional long-liners and recreational 
fishermen [51,152]. However, trawling was mostly located in soft bot-
tom areas, occupied by both non-biogenic and biogenic habitats. As a 
consequence of the more widespread distribution of the trawling, the 
levels of effort reached were relatively lower while the concentration of 
the longlining effort in more localized areas resulted in relatively higher 
levels. 

4.3. Management scenarios 

Conservation, but also recovery and monitoring measures should be 
implemented in any MPA to promote ecosystem management and fulfil 
the international directives. All HFS that characterize the biogenic 
habitats recorded on the Seco de los Olivos are considered as sensitive 

Fig. 11. Methodology applied to obtain habitat disturbance maps from trawl fishing based on the scheme presented by Elliot et al. (2018) and using two different 
thresholds to model benthic habitats: (a) prevalence, and (b) kappa. Steps required to assess disturbance from fishing activities were: (i) Benthic habitats modelling; 
(ii) Benthic habitat sensitivity assessments and mapping; (iii) Pressure distribution mapping; (iv) Habitat disturbance assessment using the combination of sensitivity 
levels and pressure effort in a disturbance matrix, which includes the area occupied (%) by each level of disturbance; and (v) Disturbance distribution mapping using 
categories ranging from 1 to 9, with 9 representing 100% disturbance. Species were classified into five groups of sensitivity to trawling. Intensity of pressure 
0 included all the grid cells where no fishing was registered. 
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habitats by the General Fisheries Commission for the Mediterranean 
[65,158] and some of these habitats are considered as priorities of 
conservation in the HD (92/43/CEE) and Barcelona Convention [161]. 
The distribution of biogenic habitats, therefore, shows priority conser-
vation areas that can guide the development of zoning within the 
framework of the management plan. 

According to our results that showed that around 50% of the area 
was disturbed by fishing, evidence of the different levels of pressure 
were recorded across the study area. This situation contrasts with the 
healthy state of biogenic habitats of other banks located in the Alborán 
Sea that have remained relatively inaccessible to fishing pressure, such 
as Les Cabliers [39] or the Francesc Pagès [114] banks, where 
well-preserved megabenthic assemblages and almost no sign of fishing 
footprint was observed. The accessible depth, the proximity to the coast 

as well as the topography characterized by a huge diversity of substrates 
and habitats [14], makes the Seco de los Olivos a fishing ground avail-
able to the use of different fishing gears. However, despite the evidence 
of fishing detected, it is not clear whether communities are today the 
result of some degree of joint anthropogenic and natural disturbance or 
whether they are exclusively the result of intense fishing pressure that 
has already caused long-term changes to benthic communities. In this 
sense, it is unclear if non-biogenic habitats on the study area are the 
result of their adaptation to local environmental conditions or the result 
of a past and continuous fishing effort where sensitive species have 
already been removed, even becoming locally extinct. 

For example, some communities on coarse sediment adapted to 
frequent natural disturbance, such us that produced by storms and wave 
erosion, are usually characterized by low species diversity and 

Fig. 12. Methodology applied to obtain habitat disturbance maps from longline fishing based on the scheme presented by Elliot et al. (2018) and using two different 
thresholds to model benthic habitats: (a) prevalence, and (b) kappa. Steps required to assess disturbance from fishing activities were: (i) Benthic habitats modelling; 
(ii) Benthic habitat sensitivity assessments; (iii) Pressure distribution mapping; (iv) Habitat disturbance assessment from the combination of sensitivity levels and 
pressure effort by using a disturbance matrix, which includes the area occupied (%) by each level of disturbance; and (v) Disturbance distribution mapping using 
categories ranging from 1 to 9, with 9 representing 100% disturbance. Species were classified into only three groups of sensitivity to longlining. Intensity of pressure 
0 included all the grid cells where no fishing was registered. 
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abundances [37,82,140]. The low species richness and diversity found 
in habitats on sandy bottoms on the summit of the central guyot (hab-
itats 8- ‘sand-pennatulids’ and SBcirca- Circalittoral soft bottoms) [46] 
leads us to think that these habitats could be subjected to some kind of 
natural disturbance acting on the top of the seamount. Since the study 
area is a submerged zone not exposed to storms, tides or wave erosion, 
these shallower benthic habitats may be affected by local marine cur-
rents acting over the seamount which are feed by the three gyres that 
constitute the superficial circulation patterns of the Alborán Sea [146]. 
Nevertheless, the rest of the habitats recorded are located in the deep sea 
and therefore, disturbed habitats may either be the result of natural 
disturbances generated by currents, or be the result of bottom fishing 
activities -as suggested by evidence of debris found in some areas-, or 
may even be the result of a mixture of both. 

In the case of degraded habitats, an additional uncertainty is related 
to the recovery of the communities once the disturbance ceases. EU 
countries have a mandate to implement measures to ensure the con-
servation of their marine ecosystems in MPAs, including recovering of 
degraded habitats and the ecosystem services they provide, in order to 
deliver the full range of conservation and socioeconomic benefits that 
can be derived [53]. However, it is unclear where the ecological suc-
cession of the habitats would evolve if fishing effort is limited at least in 
certain areas of this zone, and how long it would take to see any change. 
While Clark et al. [35] found little evidence of steps towards recovery of 
the benthic community to its pre-disturbance state on a seamount 15 
years after it had been closed to trawling, Baco et al. [7], however, 
observed multiple signs of recovery of the deep-sea coral communities 
on seamounts after more than 30 years of protection. Since recovery 
dynamics in biotic communities in the deep sea are poorly understood 
[35], at the present time, spatial management is likely to be the most 
effective strategy to conserve and facilitate possible recovery of benthic 
communities of seamount [36,154]. The distribution of the different 
levels of habitat disturbance along with the areas characterized by 
favorable environmental conditions for their development provided by 
the models can be helpful to identify potential areas for recovery within 
a spatial planning for the MPA. Therefore, in addition to resistance and 
recovery, a third component of resilience, reversibility - whether the 
community is capable or returning to its original state following the 
effects of disturbances [115,130] - must be considered [35,67,68]. The 
greater functional redundancy that characterizes healthier stable 

communities [48] may make functional replacement possible because 
remaining individuals or colonies may favor successful local recruitment 
and may allow habitat reversibility, i.e., full recovery to pre-disturbance 
original levels after the effects of the disturbance [67,115,130]. How-
ever, high disturbed habitats largely rely on the re-colonization from 
neighboring areas and successful settlement [35,38,88,109] after 
disturbance and the reversibility is more difficult and even highly un-
likely, leading the system in many cases to a new alternate stable state 
composed by a community different than that from the pre-disturbance 
state [42,68]. 

As a complementary tool, a zoning scheme focused on the three 
different areas obtained with the two thresholds used in the analysis, can 
serve as a guide when outlining different management zones where a 
variety of measures can be put into practice, from more stringent in the 
‘core zone’ to less stringent in the ‘zone without biogenic habitats’. The 
‘transition or buffer zone’ has revealed as a suitable area for the po-
tential recovery of benthic habitats, as indicated by the ‘prevalence map’ 
which identified it as potential area for their distribution based on the 
environmental conditions as well as a buffer zone around the ‘core 
zone’, since if fishermen are allowed to set their fishing gear so close to 
the ‘core zone’, their drift or the loss of equipment as well as the increase 
of turbidity and sedimentation rates could still damage biogenic habitats 
of the ‘core zone’, as has occurred in other areas [22,61]. 
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Occidental), Acta Geológica Hispánica v 23 (1988) 311–319. 

[113] C. Lo Iacono, E. Gràcia, R. Bartolomé, E. Coiras, J.J. Dañobeitia, J. Acosta, 
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Lebanon Project, Tunis: 40 pp + Annexes. 

[159] S.F. Thrush, P.K. Dayton, What Can Ecology Contribute to Ecosystem-Based 
Management? Annu. Rev. Mar. Sci. 2 (2010) 419–441, https://doi.org/10.1146/ 
annurev-marine-120308-081129. 

[160] H.M. Tillin, J.G. Hiddink, S. Jennings, M.J. Kaiser, Chronic bottom trawling alters 
the functional composition of benthic invertebrate communities on a sea-basin 
scale, Mar. Ecol. Prog. Ser. 318 (2006) 31–45, https://doi.org/10.3354/ 
meps318031. 

[161] UNEP, 2019. Draft Updated Reference List of Marine Habitat Types for the 
Selection of Sites to be included in the National Inventories of Natural Sites of 
Conservation Interest in the Mediterranean. United Nations Environment 
Programme Mediterranean Action Plan- 7th Meeting of the Ecosystem Approach 
Coordination Group, Athens - UNEP/MED WG.467/14. 

[162] P.D. van Denderen, S.G. Bolam, J.G. Hiddink, S. Jennings, A. Kenny, A. 
D. Rijnsdorp, T. Van Kooten, Similar effects of bottom trawling and natural 
disturbance on composition and function of benthic communities across habitats, 
Mar. Ecol. Prog. Ser. 541 (2015) 31–43, https://doi.org/10.3354/meps11550. 

[163] A.D.T. Vierod, J.M. Guinotte, A.J. Davies, Predicting the distribution of 
vulnerable marine ecosystems in the deep-sea using presence-background models, 
Deep Sea Res. Part II: Top. Stud. Oceanogr. 99 (2014) 6–18, https://doi.org/ 
10.1016/j.dsr2.2013.06.010. 

[164] L. Watling, The Global Destruction of Bottom Habitats by Mobile Fishing Gear. 
Marine Conservation Biology: The Science of Maintaining the Sea’s Biodiversity, 
Island Press,, Washington, DC, 2005, pp. 198–210. 

[165] Welsford, D., R. Kilpatrick. 2008. Estimating the swept area of demersal longlines 
based on in situ video footage. Document WG-FSA08/58. CCAMLR, Hobart, 
Australia. 

[166] B. Williams, M.J. Risk, S.W. Ross, K.J. Sulak, Stable isotope data from deep water 
antipatharians: 400-year records from the southeastern coast of the United States 
of America, Bull. Mar. Sci. 81 (3) (2007) 437–447. 

[167] B. Worm, E.B. Barbier, N. Beaumont, J.E. Duffy, C. Folke, B.S. Halpern, J.B. 
C. Jackson, H.K. Lotze, F. Micheli, S.R. Palumbi, E. Sala, K.A. Selkoe, J. 
J. Stachowicz, R. Watson, Impacts of biodiversity loss on ocean ecosystem 
services, Science 314 (5800) (2006) 787–790, https://doi.org/10.1126/ 
science.1132294. 

[168] WoRMS Editorial Board (2020). World Register of Marine Species. Available from 
〈http://www.marinespecies.org〉 at VLIZ. Accessed 2020–09-08. 〈DOI: 
https://doi.org/10.14284/170〉. 

A. De la Torriente Diez et al.                                                                                                                                                                                                                 

https://doi.org/10.1111/maec.12017
https://doi.org/10.1080/24750263.2017.1315745
https://doi.org/10.1080/24750263.2017.1315745
https://doi.org/10.1017/S0025315411001603
https://doi.org/10.1017/S0025315411001603
https://doi.org/10.1146/annurev-marine-032320-094121
https://doi.org/10.1146/annurev-marine-032320-094121
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref75
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref75
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref75
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref75
https://doi.org/10.1111/j.1467-2979.2006.00205.x
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref77
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref77
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref77
https://doi.org/10.1080/17451000.2012.682583
https://doi.org/10.1080/17451000.2012.682583
https://doi.org/10.1111/j.1523-1739.1998.96379.x
https://doi.org/10.3354/meps08314
https://doi.org/10.3354/meps08314
https://doi.org/10.1016/j.rsma.2017.07.005
https://doi.org/10.1641/b580108
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref83
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref83
https://doi.org/10.1038/srep04837
https://doi.org/10.1038/srep04837
https://doi.org/10.1016/j.pocean.2018.02.019
https://doi.org/10.1126/science.1098222
https://doi.org/10.1126/science.1098222
https://doi.org/10.1038/307321a0
https://doi.org/10.1002/(SICI)1099-0755(199703)7:1<27::AID-AQC214>3.0.CO;2-9
https://doi.org/10.1002/(SICI)1099-0755(199703)7:1<27::AID-AQC214>3.0.CO;2-9
https://doi.org/10.1073/pnas.1405454111
https://doi.org/10.1016/j.jembe.2006.03.001
https://doi.org/10.1016/j.jembe.2006.03.001
https://www.R-project.org/
https://doi.org/10.3389/fmars.2019.00278
https://doi.org/10.1023/A:1016588901551
https://doi.org/10.1023/A:1016588901551
https://doi.org/10.1111/maec.12121
https://doi.org/10.1029/2011JC007659
https://doi.org/10.1016/j.csr.2019.06.010
https://doi.org/10.1016/j.csr.2019.06.010
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref96
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref96
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref96
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref96
https://doi.org/10.3389/fmars.2020.00095
https://doi.org/10.1017/S0025315412000045
https://doi.org/10.1017/S0025315412000045
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref99
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref99
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref99
https://doi.org/10.1111/ddi.12142
https://doi.org/10.1016/j.dsr.2017.06.003
https://doi.org/10.1016/j.dsr.2017.06.003
https://doi.org/10.1146/annurev-marine-120308-081129
https://doi.org/10.1146/annurev-marine-120308-081129
https://doi.org/10.3354/meps318031
https://doi.org/10.3354/meps318031
https://doi.org/10.3354/meps11550
https://doi.org/10.1016/j.dsr2.2013.06.010
https://doi.org/10.1016/j.dsr2.2013.06.010
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref106
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref106
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref106
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref107
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref107
http://refhub.elsevier.com/S0308-597X(21)00461-9/sbref107
https://doi.org/10.1126/science.1132294
https://doi.org/10.1126/science.1132294
http://www.marinespecies.org
http://DOI:%20https://doi.org/10.14284/170
http://DOI:%20https://doi.org/10.14284/170

	Spatial assessment of benthic habitats vulnerability to bottom fishing in a Mediterranean seamount
	1 Introduction
	2 Materials and methods
	2.1 Study Area
	2.2 Benthic Habitats data
	2.3 Habitat sensitivity
	2.4 Anthropogenic pressures data
	2.5 Disturbance maps
	2.6 Potential scenarios and its application to management

	3 Results
	3.1 Habitat sensitivity
	3.2 Anthropogenic pressure
	3.3 Habitat disturbance
	3.4 Potential scenarios and its application to management

	4 Discussion
	4.1 Methodological and conceptual approach
	4.2 Habitat disturbance
	4.3 Management scenarios

	CRediT authorship contribution statement
	Acknowledgments
	Appendix A Supporting information
	References


